Raw milk commonly contains staphylococci, and various dairy products have been implicated in staphylococcus food poisoning outbreaks. Increasing interest has been shown in the characterization of staphylococci during recent years. Characteristics such as coagulase and hemolysin production, formation of enterotoxin, mannitol fermentation, gelatinolytic and lipolytic action, bacteriophage type, antibiotic resistance, and pigmentation have been of particular interest. Staphylococci isolated from raw milk were characterized using these various criteria in an attempt to evaluate the significance of raw milk as a reservoir of staphylococci of potential importance from a public health standpoint. Evans and Niven (1950) reported that most enterotoxigenic staphylococci were members of the coagulasepositive group. However, they did not preclude the possibility that some varieties of coagulase-negative staphylococci also might be associated with food poisoning. Evans, Buettner, and Niven (1950) reported that 24 cultures of coagulase-negative staphylococci were fed to 59 monkeys without a single symptom of illness appearing, whereas 14 cultures of coagulasepositive staphylococci produced typical food poisoning symptoms in 11 cases. On the basis of these reports, only coagulase-positive staphylococci were considered potentially enterotoxigenic, and were isolated from raw milk and examined in this study.
MATERIALS AND METHODS
Nineteen raw milk samples of manufacturing grade were collected from individual Iowa producers, all of whom used bulk tanks for cooling and holding of the milk, during the period from March through May, 1959. During June, July, and August, 20 samples of grade A milk were collected from producers in the Iowa State University milkshed.
The milk was plated on a modified Tellurite-glycine medium consisting of Trypticase, 5 g; Proteose peptone, 5 g; yeast extract, 5 g; glycine, 8 g; mannitol, 15 g; K2HPO4, 5 g; LiCl, 5 g; and agar, 15 g. A 1 per cent potassium tellurite solution was prepared and sterilized. Twenty milliliters of the solution were added aseptically to 1000 ml of the medium after it had been autoclaved at 121 C for 20 min and cooled to 50 C. A surface plating technique was used. Plates were incubated at 37 C for 48 hr. Isolations for further study and characterization were made from typical coagulasepositive staphylococcus colonies, appearing smooth, convex, glistening, and jet-black in color.
The tube coagulase test was performed, using Warner-Chilcott diagnostic plasma,5 on 24-hr Tryptosephosphate broth cultures. Chapman (1944) Starr (1941) . Coconut oil was used as the triglyceride substratum. Plates were incubated at 32 C up to 4 days, being checked daily.
Hemolysin production was determined on plates prepared with Difco blood-agar base6 plus 5 per cent defibrinated sheep blood. After streak inoculation, the plates were incubated at 37 C for 24 hr and refrigerated for another 24 hr before final examination. The a-, ,B-, and a-/f3-hemolysin activities were recorded.
Bacteriophage typing was done as prescribed by Blair and Carr (1953) and J. E. Blair (personal communication). The agar used for typing contained beef extract, 3 g; yeast extract, 5 g; Tryptose, 15 g; NaCl, 5 g; and agar, 15 g; per 1000 ml. The propagating broth was of the same composition with the exception 6 Difco Laboratories, Inc., Detroit, Michigan. of agar. Staphylococcus cultures grown in broth for 4 hr at 37 C were smeared on the dried agar surface with sterile cotton swabs. Routine test dilutions were placed on the plates in drops with 1-ml tuberculin syringes equipped with 26-gauge needles. Plates were incubated overnight at 30 C.
Antibiotic sensitivity was determined on Difco blood-agar base medium in pressed-glass Petri dishes. The dried surface was swabbed with the staphylococcus cultures. The antibiotic concentrations used were penicillin, 10 units; chlortetracycline, 30 /Lg; oxytetracycline, 30 ,ug; bacitracin, 20 units; chloromycetin, 30 MAg; and dihydrostreptomycin, 100 Mug; as found in Bacto-sensitivity discs.6
Six isolates were tested for enterotoxin formation, using three kittens as experimental animals. Cultures were grown on the medium of Dolman (1934) at 37 C in an atmosphere of air enriched to 20 per cent carbon dioxide. Filtrates were prepared essentially in accordance with the method of Dolman and Wilson (1940) and administered intraperitoneally as specified by Matheson and Thatcher (1955) .
RESULTS AND DISCUSSION
Sixty-two isolations were made from 39 bulk-tank, raw milk samples. When a second isolation was made from a milk sample, this second isolate was identical with the first in 11 instances and therefore was eliminated from the report, whereas in 13 samples this second isolate was different from the first. Multiple isolations were made from two other samples, and in both cases three of the four isolates proved to be different.
These results raise the question of how many different staphylococcus strains could be isolated from one typical raw milk sample. The present experimental work did not attempt to determine this. However Evans (1948) stated that a high correlation could be obtained between mannitol fermentation and enterotoxin production, if mannitol fermentation was carried out anaerobically. In the present study, mannitol fermentation and coagulase production were both characteristic of most of these cultures, but no group of coagulase-negative strains was studied for comparison. In the limited study of enterotoxin formation, the five negative and one positive isolates all fermented mannitol. The eight isolates showing definite coagulase activity only after an overnight incubation period were on the borderline of showing some clotting after the 3-hr incubation period at 37 C. By comparison, no tubes gave a positive coagulase test the following morning if there was no trace of a clot after the initial incubation period.
Other physiological characteristics are difficult to correlate with failure to hydrolyze gelatin. Six isolates did not hydrolyze gelatin, although they were strongly coagulase-positive. Three of the six isolates which were nongelatinolytic were sensitive to bacteriophage types considered indicative of human origin; one of these was shown to be enterotoxigenic. Of the other three isolates which failed to hydrolyze gelatin, one was nontypable and two were typed by bacteriophage strains considered to indicate bovine origin.
Pigment production was variable, ranging from the deep golden color exhibited by 7 isolates, to the white colonies formed by 13 isolates. Variations in pigment production were not correlated with other characteristics. Some workers have proposed that chromogenesis be tested on a medium containing 10 per cent evaporated milk (Fujita and Yoshioka, 1923) . Barber (1955) , and Boniece, Wick, and Holmes (1957) have reported the derivation, from typical Staphylococcus aureus cultures, of stable white variants which otherwise had properties identical to the parent strain. Hussemann and Tanner (1949) concluded that chromogenesis is of no value in determining potential food poisoning strains. Results of the present work appear to agree with their conclusions, as the only strain demonstrated to be enterotoxigenic was nonpigmented. The 13 isolates showing no golden pigmentation possessed no other common differential characteristic.
Of 21 isolates tested, 10 were lipolytic, whereas 11 were not. Lipolytic ability by the criterion employed did not correlate with other characteristics determined. The method of determining lipolysis may be an important reason for the conflicting reports which appear in the literature on the lipolytic action of staphylococci. The use of synthetic triglycerides or esters for determining lipolytic action would not be expected to give the same results as are obtained with natural fats as the enzyme substratum. The present results might have been quite different had tributyrin or an ester, such as ethylbutyrate, been used in this part of the study.
Thirty isolates produced both a-and ,3-hemolysins, 19 produced only,B-hemolysin, and 2 produced only a-hemolysin. Blair (19, 8) and Elek and Levy (1950) reported that three antigenically distinct hemolysins, a, ,B, and 6, are associated with coagulase-positive staphylococci. f-Hemolysin is said to occur more frequently with animal strains, whereas a-and 6-hemolysins commonly occur with human staphylococcus strains. For purposes of the present study, all zones showing complete lysis of the red blood cells were recorded as demonstrating a-hemolysin because no strips impregnated with anti-a antiserum were available to distinguish between the a and a types of hemolysin.
No correlation was observed between degree of coagulase production and bacteriophage sensitivity. Twenty-five isolates were sensitive only to bacteriophage types considered to indicate bovine origin (Blair and Carr, 1953) . Twenty of these 25 isolates were lysed by a single bacteriophage strain, whereas 3 were lysed by two bacteriophage strains and 2 were lysed by three bacteriophage strains.
Nine isolates were sensitive solely to bacteriophage types considered indicative of human origin. These were typed by a single strain in five instances and by two strains in four cases. The four most common bacteriophage sensitivities in this group were the types 6, 54, 70, and 73.
Ten isolates showed sensitivity to bacteriophage of both human and animal types. Three isolates typed to 25, 23, and 20 Coagulase-positive staphylococci lysed by bacteriophage strains 6, 42D, 47, 53, 54, 73, 75, 77, and 83 have been implicated in staphylococcus food poisonings by various workers (Hausler et al., 1960; Hobbs, 1955; U. S. Public Health Service, 1958 (Blair, 1958; Elek and Levy, 1950) .
The possibility that antibiotic-resistant staphylococci occur in dairy products has been considered (Worseck, 1956; Dauer and Davids, 1959 
